a three wavelength NIRS device designed to detect the oxidation state of cytochrome aa3, which is a direct measure of cellular ischemia. The device lessened StO2 variation using an established ischemia and reperfusion model, but did not adequately reflect cytochrome aa3 oxidation state. The objective of this study was to compare a broadband NIRS device using white light (> 1000 wavelengths) to the standard two wavelength NIRS device (ViOptix Inc, Freemont CA) commonly employed for flap monitoring by measuring StO2 variability during ischemia and reperfusion and corresponding cytochrome aa3 oxidation -a direct measure of cellular ischemia.
METHODS:
The two NIRS devices, ViOptix and the broadband NIRS device, were applied to the hands of human volunteers (n = 20) and a blood pressure cuff was placed around the upper arm to occlude arterial and venous flow, as previously described. Measurements were obtained from both devices at baseline, during induced ischemia, and during reperfusion at 30-second intervals. StO2 variability was measured during ischemia and reperfusion between both devices, as was the correlation of broadband-reported cytochrome aa3 oxidation state to StO2 changes.
RESULTS:
The StO 2 measurements from both devices proportionally decreased during ischemia with similar variability. The broadband device reported cytochrome aa3 changing from an oxidized to reduced state during ischemia, which began even during baseline cuff placement before StO2 decreased. Once the ischemia and reperfusion reporting phases began, cytochrome aa3 oxidation state correlated with StO2 readings from both devices.
CONCLUSIONS:
The ViOptix and broadband NIRS devices performed similarly with regard to ability to measure StO2 as a surrogate marker of tissue ischemia. However, the use of broadband white light wavelength NIRS monitoring also provided the capability of directly measuring cellular ischemia through cytochrome aa3 oxidation state. Interestingly cytochrome aa3 oxidation-reduction state was sensitive even to minor changes in tissue perfusion. Future work will evaluate clinically critical differences in cellular oxidation reporting in a flap model. Critical to the evolution of this ideal bioprosthetic device is the development of a reliable, biologic human-machine interface that facilitates transmission of both efferent motor signals for device control, and afferent somatosensory information. The Composite Regenerative Peripheral Nerve Interface (C-RPNI) is a novel biologic interface that demonstrates promise in this role. The C-RPNI is a surgical construct composed of a transected, mixed peripheral nerve implanted between a composite free graft consisting of de-epithelialized glaborous skin and skeletal muscle. The purpose of the present study was to investigate the viability and bidirectional signal transduction capabilities of the C-RPNI.
METHODS:
C-RPNIs were surgically implanted on the end of transected common peroneal nerves of thirty F344 rats using de-epithelialized dermal grafts harvested from glaborous skin of isogenic donor rat hindpaws and free skeletal muscle grafts from the animal's contralateral limb. Thirty animals underwent endpoint testing at three months (n=15) and at six months (n=15). Electrophysiologic testing was performed to determine both the in vivo efferent and afferent signal transduction capabilities of C-RPNIs following electrical stimulation. C-RPNI constructs were also harvested for histologic evaluation at both three-and six-month study endpoints.
RESULTS: C-RPNI constructs remained viable over the study period with regeneration and revascularization evident on histologic analysis. At both three and six months, electrical stimulation of proximal peroneal nerve evoked efferent signals (CMAPs) and muscle contractions that were measured from the free muscle graft component of the C-RPNI. The average CMAP amplitude recorded from the muscle was 6.3 ± 1.4 mV at three months and 6.1 ± 1.6 mV at six months. The average conduction velocity was 11.0 ± 2.7 m/sec at three months and 12.0 ± 2.0m/sec at six months. Electrical stimulation of the dermal side of the C-RPNI evoked afferent signals (CSNAPs) in the proximal peroneal nerve at both three and sixth months. The average peak-to-peak CSNAP amplitude was 391.6 ± 145.0 µV at three months and 267.1 ± 143.8 µV at six months. The average conduction velocity with an average conduction velocity was 11.6 ± 3.0 m/sec at three months and 9.6 ± 2.4 m/sec at six months.
CONCLUSIONS: C-RPNI constructs remained viable with preserved innervation for six months following implantation. Recorded efferent motor signals and evoked afferent signals remained robust over time. The C-RPNI facilitates bidirectional signal transduction of both efferent motor signals and afferent sensory signals. This confirmation of bidirectional signal transduction in the C-RPNI validates the potential role of the C-RPNI in human-machine interfacing. 
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